Introduction: Newer pacemakers have data storage capabilities that permit detection of multiple episodes of atrial tachyarrhythmias (AT). Aim of the research: To document the frequency, time to first AT detection after implantation, and risk factors for symptomatic episodes and to determine the prevalence and predictors of pacemaker-detected AT. Material and methods: Patients (n = 62), from a single centre, with an implanted pacemaker that automatically recorded the cumulative daily AT burden were included in the analysis. The clinical history regarding AT was collected before implantation. Follow-ups were done at 3, 6, and 12 months after implantation with interrogation and symptoms reported from patients. Echocardiography was performed at baseline and at 12 months. Results: Atrial tachyarrhythmia was detected by the pacemaker in 16 (25.81%) of 62 patients. AT/atrial fibrillation (AF) burden was detected after 3 months in 13 out of 16 (81.25%) patients, and in 38.46% of them there was no clinical history of AF. Asymptomatic episodes occurred in 7 patients (43.75% -3 men and 4 women), and 2 (28.57%) of them did not have a clinical history of AF. History of AF prior to implantation was significant for the appearance of AT/AF burden (p = 0.006), and use of β-blockers significantly limited AT/AF burden (p = 0.040). Other analysed data was statistically non-significant. Conclusions: Pacemaker-detection of AT is often the first paroxysmal AT diagnosis in asymptomatic patients. This suggests that AT data, collected from capable pacemakers and frequently reviewed, can lead to new diagnosis and early treatment in that group of patients, which could influence mortality and morbidity.
pertension (HA), stroke, and pharmacotherapy. Echocardiograms were performed before implantation and 1 year after, and they were interpreted by a single reader blinded to the presence of pacemaker-detected AT. The following echocardiographic measures were evaluated: left and right atrium dimensions (LA, RA), ejection fraction (EF), left ventricular systolic diameter (LVsD), left ventricular diastolic diameter (LVdD), right ventricular diastolic diameter (RVdD), mitral regurgitation (IM), and tricuspid regurgitation (IT). Regarding data retrieved from pacemaker memory, AT/ AF burden %, atrial pacing % (AP%) and ventricular pacing % (VP%) were documented at every visit.
Statistical analysis
The normality of the data set was tested using the Shapiro-Wilk's test. Quantifiable variables were expressed as mean ± standard deviation (SD) or median and inter-quartile range (IQR) depending on the results of the normality test. Differences between two independent samples for continuous clinical data were analysed using t-Student's and Mann-Whitney's U tests. For categorical variables statistical analysis was based on c 2 test and c 2 test with Yates' adjustment. Risk predictors with p-value < 0.05 in univariate analyses were included into a multivariate logistic regression model. The results were considered significant for p < 0.05. Statistica 10 and SPSS 21 software packages were used to analyse the data.
Results

Prevalence and frequency of atrial tachyarrhythmias
Sixty-two patients participated in the study, including 39 (63%) with history of AF prior to pacemaker implantation and 23 (37.1%) without clinical history of AF. In 18 out of 62 patients indication to implantation was BTS (29%), in 17 (28%) patients -SSS, and in 27 (44%) patients -AV block. The AT was detected by the pacemaker in 16 (26%) of 62 patients. In 10 (55%) out of 18 patients implanted from BTS AT/AF burden was detected, which means that nearly every second patient with clinical history of AF is free from AT during the first year after implantation. However, it is worth mentioning that 5 (31%) patients without clinical history of AF (3 patients implanted from BTS and 2 from AV block) from 16 patients with AT/AF burden had AT episodes during the first year after implantation, so pacemaker-detection of AF was the first paroxysmal AT diagnosis (Figure 1 ).
Time to detection of atrial tachyarrhythmias
The AT/AF burden was detected after 3 months in 13 (81%) out of 16 patients. Thirty-eight percent of patients with AT detected within the first 3 months had no previous clinical history of AF. The next 3 cases
Introduction
Atrial tachyarrhythmias (AT) are the most common sustained cardiac rhythm disturbances in adults and are the leading cardiac cause of morbidity and mortality [1] . Dual-chamber pacemakers have the ability to document even brief episodes of AT [2] . Most of these episodes are short and asymptomatic and would not be detected by means other than pacemaker [3, 4] . The detection of undiagnosed atrial tachycardia/ atrial fibrillation (AT/AF) could be useful for primary prevention of consequences and complications such as stroke, by including early treatment and intervention [5] . Pacemaker programming undertaken at implantation should be reviewed and changed accordingly at subsequent follow-up visits if AT was detected. As a guideline, the 1984 Health Care Financing Administration document suggests the following for clinic follow-up: for dual-chamber pacemakers, twice in the first 6 months, then once every 6 months [6] . However, in clinical practice visits often take place for the first time 1-3 months after implantation, and then once a year. Current ACC/AHA/HRS Guidelines for DeviceBased Therapy of Cardiac Rhythm Abnormalities recommend transtelephonic monitoring as a good possibility of frequent and extensive patient assessment [7] .
Aim of the research
The aim of this study was to document the prevalence of pacemaker-detected AT in a population of patients from a single centre implanted with dualchamber pacemakers with capability of AT/AF burden storage, with or without history of clinical AF. We sought to document the frequency of AT and time to new diagnosis determined by pacemaker data storage, as well as clinical and echocardiographic risk predictors for the development of pacemaker-detected AT.
Material and methods
Patients after de novo implantation of dual-chamber pacemakers capable of documenting AT, with or without history of paroxysmal AT, were included into this study. Manufacturer-specific nominal settings for AT detection were typically employed. Exclusion criteria were as follows: replacement devices, long-standing persistent AF, and unable or unwilling to consent. Patients were followed-up at 3, 6, and 12 months after implantation. Diagnostic information with AT/AF burden measurement was collected and the presence of symptoms was noted at every follow-up visit. The following data was analysed: age, gender, body mass index (BMI), NYHA class, indication for implantation (divided into three groups: bradycardia-tachycardia syndrome (BTS), sick sinus syndrome SSS, atrio-ventricular block (AVB)), history of paroxysmal AF, coexisting diseases such as coronary artery disease (CAD), past myocardial infarction (MI), diabetes (DM), hy- The AT/AF burden percent ranged from 1% to 100%, mean 23%. In 2 patients with clinical history of AF 1-year follow-up showed permanent AF. Analysis of data stored by pacemaker showed that AT episodes often do not correlate with complaints. Symptoms such as palpitations and dyspnoea at any of the follow-ups were reported in 25 (40%) out of 62 cases; however, only in 9 cases (14.5% -6 women and 3 men) was there correlation with the presence of AT. Fifteen (71.4%) out of 21 women and 1 (25%) out of 4 men did not have AT/AF burden detected, so symptoms did not correlate with AT, as could be suggested. Symptoms were significantly more often reported by women than by men (84% vs. 16%, p = 0.006). Asymptomatic episodes (pacemaker-detected AT/AF without symptoms reported from patients during any of the follow-ups) occurred in 7 patients (43.75% -3 men and 4 women), and 2 (28.57%) of them did not have clinical history of AF.
Risk factors of atrial tachyarrhythmias
Multivariate analysis showed that history of AF prior to implantation was significant for the appearance of AT/AF burden (p = 0.006). Other clinical factors such as age, BMI, NYHA class, coexisting diseases such as CAD, past MI, DM, HA, and stroke was statistically non-significant, as well as pharmacotherapy except for use of β-blockers, which significantly limited AT/AF burden (p = 0.040). There were no significant differences in echocardiographic parameters (LA, RA dimensions, EF, LVsD, LVdD, RVdD, IM, and IT) between the group with pacemaker-detected AT compared to the no-pacemaker-detected AT group (Table 1) . Data retrieved from pacemaker memory: AP% and VP%, was statistically non-significant.
Discussion
The main finding of our study was that newly detected AT/AF during the first year after implanta- Pacemaker diagnostic data with intra-atrial EGMs can diagnose specific AT and identify other pacemakersensed events [8] . The diagnostic accuracy of pacemaker and ICDs with an atrial lead is very high, with appropriate detection of 95% of AF episodes, while for implantable loop recorders the specificity is about 85% [9] . Despite the small sample size our findings correlate with other studies with higher numbers of patients included. Ziegler et al. documented that continuous PM-based monitoring identified newly detected AT/AF in 30% of patients with stroke risk factors, and episodes occurred sporadically, highlighting the difficulty in detecting paroxysmal AT/AF using traditional monitoring methods such as ECG or 24-hour Holter ECG monitoring [10] . In a study by Yedlapati et al., which included 728 patients with DDD pacemakers, 26% out of 66 patients with AF recorded were newly discovered to have AF, which was similar to our finding [11] . In our study AT/AF burden was detected after 3 months in 13 (81%) out of 16 patients, and in 38% of them there was no clinical history of AF. The importance of first-year observation was also noted by Nagarakanti et al. The time to first, second, and third persistent AT recurrences progressively decreases with a high likelihood of established persistent AT within 9 months of onset [12] . It was also documented that AF burden increases progressively over the long term [13] .
Patients with AT/AF are more likely to have adverse clinical outcomes, including a higher incidence of stroke, death, and subsequent AF, than patients without AT/AF [1] . Analysis showed that in a relatively unselected population of patients with an arrhythmia detecting devices, daily AF burden is associated with an increased risk of ischaemic stroke or TIA even after adjustment for oral anticoagulants use [7] . These data add to current evidence that measuring daily AF burden may have important clinical relevance and support the search for specific thresholds of AF burden associated with a substantial increase in the risk of stroke [15, 16] . Integration of AF presence/duration/burden has the potential to contribute to improved clinical risk stratification, and its aid to clinical decision-making should be tested prospectively [17] . About 25-30% of patients presenting with strokes have AF that was not previously recognised [18] . Furthermore, AF has been reported to be associated with substantial deterioration in attention and memory, even in the absence of a history of stroke and obvious defects on computer tomograms. The stroke risk conferred by paroxysmal AF has not been well characterised but has been arguably said to be the same as continuous AF. This establishes the need for better detection of atrial arrhythmias, and device-based monitoring gives us the possibility for continuous rhythm control compared to traditional ECG or 24-hour Holter ECG monitoring. Unfortunately, shortterm follow-up in our study resulted in absence of clinical events (e.g. stroke or death) so we could not assess risk of adverse events. Trends data do not allow us to define a "safe" AT/AF burden threshold that confers a risk no greater than that of zero AT/AF burden [4] . In this study there was also no threshold for AT/ AF burden episodes.
One of the study findings is that there are no clinical predictors of AT/AF except history of AF prior to implantation and use of β-blockers. Similarly, Healey et al. found no (other than older age) clinical predictors of pacemaker detected AT in a group of 445 patients with no previous history of AF and high percentage (50%) of device-detected AT [2] .
Among patients with symptomatic bradycardia and a history of atrial fibrillation, symptoms of atrial fibrillation often were not associated with documented AT (positive predictive value 17% in the Strickberger SA study), and more than 90% of AT were clinically silent (AT/AF episodes without symptoms such as palpitations or dyspnoea reported by patients) [14] . In our study asymptomatic episodes occurred in seven patients (44% -3 men and 4 women). Due to the symptoms reported by patients without recorded atrial burden, the association of episodes and symptoms is uncertain.
The results of this single-centre study may not be directly applicable to other practice settings. The study was limited to patients with pacemakers with normal ejection fraction. Another limitation is that some of our patients may have had silent paroxysmal AF prior to implantation; however, there is no reliable method to precisely identify such patients. Atrial undersensing can occur during AT/AF episodes, which can lead to failure to detect AT/AF burden episodes. Based on pacemaker diagnostics alone, it can also be difficult to differentiate AF from other forms of atrial arrhythmias. Finally, our study is limited by the short-term follow-up resulting in the absence of clinical events (e.g. stroke or death), and small sample size.
Conclusions
The diagnostic accuracy of pacemaker with an atrial lead is very high, and pacemaker-detection of AT is often the first paroxysmal AT diagnosis. Newly detected AT/AF during the first year after implantation was documented in more than 30% of patients, and no clinical characteristics in patients without history of AF prior to implantation were associated with pacemaker-detected AF. These data suggest that AT data should be collected from capable pacemakers to determine early treatment. Frequent follow-ups during the first year after implantation are very important for new diagnosis of arrhythmias thanks to the possibilities of patients' continuous monitoring by means of implantable cardiac devices.
